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(5") Scope of Patent Claims 

1 . The phosphate contaimng epoxy compound represented by the following formula: 
iPa^e 333 i Japanese original) top formula here) 



(Wherein R ; , R : and R; may be identical or different, and each represent a hydrogen 
atom or an aliphatic group with a carbon count ot 1 to 10). 



2. The phosphate containing epoxy compound which is unique in that it causes poly 
phenol to react with epi halo hydnne. as represented by the following formula: 



(Page 333. bottom formula here) 

(Wherein R,, R 2 and R 3 may be identical or different, and each represent a hydrogen 
atom or an aliphatic group with a carbon count of 1 to 10). 

Detailed Description of Invention 

The present invention is related to a novel phosphate containing epoxy compound 
and the manufacturing method therefor. In greater detail. the present invention is related to 
a novei phosphorus containing epoxy compound which enables the formation of hardened 
epoxy resin objects that are highly flame resistant, and post superior thermal resistance in 
terms of heat deterioration, glass transition, heat deformation, and the like, and the 
manufacturing method therefor In recent years the higher concentration and developments 
in increased capacity and more reliable electric and electronic devices has been remarkable. 
The insulating materials, parts and the like used therein must increasingly impiove in heat 
resistance, moisture resistance, dimension stability, and the like. Also, from a safety point 
of view insulating materials must be flame resistant 

In the past, brominate epoxy compounds such as the diglycidil ether ot 
ditetrabromme bisphenol A, the poly glycidil of the phenol novolak, or the like were the 
epoxv compounds used as insulating materials. While these compounds possess a flame 
resistant effect, they lack in thermo stability and heat resistance. They are also known to 
have low drug resistance, electric characteristics, and the like. 

The present invention takes into consideration the above conditions, and is the result 
of intense studies into the development of a flame resistant and heat resistant epoxy 
comDOund. 

Nameiy. the present invention provides the phosphate containing epoxy compouna 
represented by following formula \ 

[I] (Page 33- top formula here) 

•'Yhe-^n R R and R mav -e identical or different, w.c each -epresent a hydrogen 
atom or an aliphatic joiid with a carbon count of 1 to 10): ma a phosphate containing 
epoxy compound which is unique in that it causes poly phenol to react with epi nalo 
hydnne as represented by following formula [II]: 

ill"! ( Page 335 bottom formula here! 

■ Wherein R,. R : and R. may be identical or different, and each represent a hydrogen 
atom or an aliphatic otoud with a carbon count of I to '.0). 

Examples of the aliphatic groups represented by R„ R : and R, in formulas L Ij and 
[II] may include the methyl group, ethyl group, butyl group, octyi group, or the like. 



Specific examples of the polyphenols represented in formula [II] include: tns (o - 
hvdroxv phenvH phosphine oxide; tns (3 - hydroxy - 4 - methyl phenyl) phosphine ox.de, 
tris (3 - hydroxy - 4 - butvl phenvl) phosphine oxide; bis (3 - hydroxy - 4 - methyl phenyl 
(3 - hvdroxy phenvl) phosphine oxide; bis (3 - hydroxy phenyl) (3 - hydroxy - 4 - methy 
phenyl) phosphine oxide; tns (3 - hydroxy phenyl) (3 - hydroxy - 4 - methyl pnenyl) 
phosphins oxids* or the like 

The polyphenols represented in formula [II] may be achieved as follows: 

mil (Page 335 formulas here) [IV] 
[IV] 

[H] 

(Wherein as stated above. R,, R 2 and R ; may be identical or different in each of the 

formulas.) ■ rj, n 

N'amelv a phosphine oxide [III] is nitrated to produce a trinitrate compound ,1V,. 
Next this is made into a tnamino compound [V] by reducing the mtro group to. .or 
n.n^rv tin chlonrie and concentrated hydrochlonc acid. [V] is diazotized. and 
then hvdrolvzed to product the polyphenol [II]. 

' The'phosphate containing epoxy [I] of the present invention may be produced by 
causing the polyphenol represented in formula [II] to react with epi halo hydnne. The epi 
halo hvdnne used in this reaction may include ep. chlor hydnne. epi brom hydnne. epi tod 
hvdnne or the like, but from a commercial standpoint epi chlor hydnne is preterred I he 
usage ratio of said epi halo hydnne is between 2 and 50 mol for each equivalent phenol 
hvdroxvl group of the polyphenol [II], with a range of between 3 and .5 mol preterred. 
' The reaction method therefor may employ an addition reaction using aikan and a 
dehalogenation hvdrogen reaction. This a two steo reaction wherein an addition reaction .s 
caused using a quaternary ammonium salt catalyst, then a decatenation nvarogen 
reaction is caused using alkali, out either reaction method may be employed independently. 
The alkali used 'in this" reaction may be sodium hydroxide, potassium hvaroxiae. calcium 
hvdroxide. potassium carbonate, or the like, but soaium hydroxiae ana potassium 
hvdroxide are preferred. In addition, specific examples ot the catalyst may mc.uu 
quatemarv ammonium sales such as tetra methyl ammonium chlonde. .ex. . ; h> 
ammonium bromide, tnmethyl benzyl ammonium chloride, and the .ire. or tertiary amines 
such as benzyl dimethvi amine, methyl amine. N. N. N • N - 
diamine, and 'the like. The usage volume of the alkali is 0.3 to ,4 mol per equi aie 
phenol hydroxy! irouo of the polyphenol [III. with a range ot oerween 0.9 ana mo 
prerened: The us'age'yoiume of the catalyst :s 0.001 to 0.005 mol per equivalent pnenol 

hydr ° X The reaction temperature is between 40 ana 130 • C. with 50 to 130 * C preferred. It 
,s best to promote the reaction by removing the water proaucea therein. 

\rter -he reaction is completed, the byproduct salt is removea througn .uter.ng or 
the like, and the excess epi halo hydnne taKen out to product the target ^stance. 

The epoxv compound of the present invention may oe used oy use.i or in 
combination with other compounds. As with other epoxy compounds it may oe oardened 



using polvamine hardeners such as aliphatic polyamine. aromatic polvamine, polyamide 
polvamine. or the like; acid anhvdnde hardeners such as anhydnde hexa hyaro phthalate 
anh'vdnde methvl terra hvdro phthalate, or the like; phenol hardeners such as phenol 
novolak. cresol novolak. or the like; or other hardeners such as boron tnfluonde and other 
Lewis acids, or the salts thereof, die van diamides. polymercaptan. and the like. In addition 
to hardeners, the epoxv compound may contain hardening promoters, inorganic and organic 
fillers, lubricants and other compounds as needed. The epoxy compound ot tne present 
invention may "be used' as an insulating material, laminating material; sealant, molding 
material, composite material", or the like. . . , 

In addition, the epoxy compound of-the present invention may effectively oe used 
alone or in combination with other compounds as a flame resistant agent, oxidation 
preventing agent, ultraviolet light damage preventing agent, coloration preventing agent, or 
other like characteristic improving agent with a wide range synthetic resins such as 
polyolefm. polystyrene, poly chloride vinyl. ABS resins, polysulfone. polyester, onenol 

resins, and the like. , 

Furthermore, the epoxv compound of the present invention may effectively oe used 
as a heat stabilizer, flame'resistant agent, and the like on synthetic fibers which contained 
polv acrvl rutrile. polvester, polyamide. and the like as their principal component. 

Hereunder, we shall address example embodiments of the present invention. 

Examole Embodiment 1 , 

' 49 * of tris (3 - hvdroxv phenyl) phosDhine oxide and Sjj g ot epi chlor hydnne are 
placed in I reaction vessel equipped with a thermometer, stirrer, dnp filter and moisture 
removing device. This is then nitroaen replaced and heated to l(b °C. 11 g 01 a 48, 0 
sodium hydroxide solution is dripped in over forty minutes. During this time, the reaction 
temperature is maintained at between 105 and 110 » C. and the water is azeotropicaily 
removed from the reaction with the epi chlor hydnne. The ep. chlor hydnne is returned to 

the reaction. . . ■ . 

Next the reactant is cooled and vacuumed using 150 mmng in pressure, d \s .tie. 
heated and boiled, and 3-1 g of a i8% sodium hydroxide solution is dripped tn over two 
hours. Dunng this period the water is azeotropicaily removed from tne reaction with .he 

epi chlor hvdnne. .. ■ 

After the reaction, the bvproduct salt -is filtered out. ana the nitrate is concentrated 
to produce ~Z g of a light yellow, transparent, semi-solid epoxy compound, me epoxy 

eauivaient is i"o g eu. n T .,-„i P 

The elementary analysis figures for the resulting epoxy were as container ;n .aoie 



Table 1 



Actual Vaiue Theoretic Value 



In addition, under field desorption mass analysis, we confirmed a molecular mass ot 
494. Furthermore, the results of *H nuclear magnetic resonance spectrum conducted by 
dissolving the epoxy in CDCb, are as contained in Table 2. 

0 = P (Page 336 formula hear) 
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Example Embodiment 2 

The 49 CT of tns (3 - hvdroxv pnenvn onospmne u\mc is ^p'^-^ — a - \- 

- hvdroxy - 4 - methvl phenyl) phosphine oxide, and the remainder of the reaction is 
conducted in the same manner as contained in Example Embodiment 1 to produce /8 g ota 
light vellow, transparent, semi-solid epoxy compound. The epoxy equivalent thereof is 190 



g / eq. 



The elementary analysis figures for the resulting epoxy were as contained in Table 



Table 3 




Actual Value 


Theoretic Value 


Carbon 


66.9% 


67.2% 


Hvdroaen 


6.3% 


6.2% 


Phosphorus 


5."% 


5.8% 



The structure of the resulting epoxy is as follows: 

(Page 33" formula here) 

Reference Example 1 . ^ . ^ , . , 

The phosphate containing epoxy compounds producea :n nxampie tmoodimem i 
and Example Embodiment 2 are m.xea wuh a bisphenoi A epoxy resin (Sum.epo.xy 
PS Sumitomo Chemical Industnes). This is :hen neat hardened using a 3F- MEA iboron 
trifluoride mono ether amine complex), after which the flame resistance ana glass transition 
temperature are measured. We measured flame resistance once using a :etra orom as 
phenol \ epoxv resin (Sumiepoxy ELB-dOO. Sumitomo Chemical industnes. and a non- 
reacting tnohenvl phosphme oxide as the flame resistant agent, and once not using a .lame 
resistant agent. The mixture rations and measured values are contained :n Taole 



clearlv illustrated by the results in Table 4, hardened .terns which use the 
compound of the present invention are highly flame resistant and heat resistant. 
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